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Background: This study aimed to compare success rate of spleen preservation between robotic and 
laparoscopic distal pancreatectomy (DP).
Methods: Between November 2007 and March 2018, forty-one patients underwent the conventional 
laparoscopic DP (Lap group) and the other 37 patients underwent robotic DP (Robot group). The 
perioperative clinicopathologic variables were compared. 
Results: The robotic procedure was chosen by younger patients compared to conventional laparoscopic 
surgery (42.9±14.0 vs. 51.3±14.6 years, P=0.016). The mean operation time was longer (313 vs. 246 min, 
P=0.000), but the mean tumor size was smaller in Robot group (2.7±1.2 vs. 4.2±3.3 cm, P=0.018). The 
overall spleen-preserving rate was higher in the Robot group (91.9% vs. 68.3%, P=0.012). However, with 
accumulating laparoscopic experiences (after 16th case), the statistical differences in spleen preservation rate 
between the Robot and Lap groups had diminished (P=0.428). 
Conclusions: The present results suggest a robot can be helpful to save the spleen during DP for benign 
and borderline malignancy. However, a surgeon highly experienced in the laparoscopic approach can also 
produce a high success rate of spleen preservation, similar to that shown with the robotic approach.
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Introduction
With advances in axial image technology, there is an 
increasing number of patients being diagnosed with benign 
or borderline (low-grade) malignant tumors of the pancreas 
(1-3). They are expected to have excellent long-term 
survival rates, and their quality of life should be considered 
when choosing a surgical option. Therefore, function-
preserving and minimally invasive pancreatectomy is ideal 
(4-6), Surgical intervention is especially applicable when a 
low-grade malignant tumor is located in the pancreatic body 
or tail, and it is reasonable to attempt spleen-preserving 
minimally invasive distal pancreatectomy first (7-10); 
however, the procedure requires finely honed skills and 
advanced surgical techniques. Sometimes, surgeons abandon 
spleen salvation because of the technical complexity of 
dissecting splenic vessels with conventional laparoscopy (11). 
Alternatively, Warshaw et al. (12) proposed the technical 
feasibility of a splenic-vessel-sacrificing spleen-preserving 
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distal pancreatectomy for simplifying surgical procedures, 
but there is the potential risk of left-sided portal 
hypertension-related perigastric varices and severe splenic 
infarction (13,14).
Recently, robotic surgical systems have been applied 
to various kind of surgery. When it comes to distal 
pancreatectomy, surgeons expect robots to be able to help 
preserve the spleen. After Waters et al. (15) reported the 
cost effectiveness and higher spleen preservation rate of 
robotic procedures, investigations have been published 
supporting the idea that robot surgery is superior to 
conventional laparoscopy for spleen preservation during 
distal pancreatectomy (2,15,16). In addition, several recent 
meta-analyses have demonstrated the high rate of spleen 
preservation in robotic distal pancreatectomies compared 
with the laparoscopic approach (17,18). Previously, we 
also reported how the three-dimensional vision and endo-
wrist motions of robots can promote spleen salvation 
during distal pancreatectomy, suggesting there is a clinical 
advantage to the robotic surgical system (19). 
However, there are still  conflicting data on the 
superiority of the spleen-preserving capacity of the robotic 
distal pancreatectomy (20-23). In addition, with surgeons’ 
accumulating experience of the laparoscopic approach 
for distal pancreatectomy and the safety of alternative 
surgical techniques for splenic-vessel sacrificing spleen-
preserving distal pancreatectomy (13,24-26), we found that 
a satisfactory spleen preservation rate could be achieved 
even with conventional laparoscopy in cases when spleen-
preserving distal pancreatectomy is preoperatively planned. 
In this study, we reanalyzed the spleen-preserving 
capacity of robot-assisted and conventional laparoscopic 
distal pancreatectomy techniques for benign and borderline 
malignant tumors of the pancreas to investigate which 
approach would be most beneficial for spleen preservation 
during minimally invasive distal pancreatectomy.
Methods
This retrospective study protocol was approved by the 
Yonsei University Institutional Review Board (IRB No. 
42015-1124). We reviewed the medical records of patients 
who underwent minimally invasive distal pancreatectomy 
for benign and borderline malignant tumors, which 
were performed by a single surgeon from November 
2007 to March 2018. The surgeon began robotic distal 
pancreatectomy in September 2007 after experiencing nine 
cases of conventional laparoscopic distal pancreatectomy 
since July 2006. For benign and low malignant tumors 
of the distal pancreas, our principle of surgery is spleen-
preserving distal pancreatectomy (SpDP), unless combined 
splenectomy is required for medical reasons. For spleen 
preservation, initial surgical strategy is always splenic vessel 
conservation. In brief, for small tributary vessels between 
splenic vessels and pancreas can be carefully dissected by 
articulating two robotic arms. with left-sided pancreas 
retracted by using third robotic 3rd arm. These vessels can 
be controlled by either suture ligation, small metal clips, 
and energy device. Accurate robotic movement without 
tremor is thought to be great advantage for this surgical 
procedure. Especially, pancreatic tail is located behind the 
splenic hilum, similarly, tip of the pancreatic tail can be 
effectively dissected off from the splenic hilum (16,27). 
Only if vessel dissection is too difficult or hazardous, 
splenic-vessel-sacrificing SVS-SpDP is performed. 
Concurrent splenectomy is always the last option. When 
dividing the pancreas, endo-GIA was applied following 
the surgical concept of prolonged peri-firing sequential 
compression stapling technique (28). When pancreatic duct 
was identified on the staple-line, some small metal clips or 
suture ligation was added by using robotic instruments. 
Surgical indications for minimally invasive distal 
pancreatectomy were the same for conventional laparoscopy 
or robotic surgery, as described in previous report (16,19,27). 
Patient decided on their surgical approach (laparoscopy or 
robot) after being fully informed about its characteristics, 
operation results, and cost. The robotic surgical systems 
were the daVinci S or Si surgical system (Intuitive Surgical, 
Sunnyvale, CA).
The perioperative variables, such as age, sex, body mass 
index, operation time, bleedings, spleen conservation, etc., 
were compared between the two groups. Postoperative 
complications were recorded according to Clavien-Dindo 
classification. If the complication was more than class III, 
it was defined as a morbid complication. Postoperative 
pancreas fistulas (POPF) were graded according to the 
suggestion by international study group of pancreas fistula 
(ISGPF) and a clinically relevant POPF (CR-POPF) 
was mentioned when the fistula was more than grade B, 
according to ISGPF (29). To compare the efficacy of spleen 
preservation between the two modalities, the cumulative 
spleen-preserving rate (CSPR), which was introduced in 
our previous report as an intention-to-treat conception, was 
investigated before and after the learning curve (17).
Continuous variables were expressed as mean ± standard 
deviation or range and categorical variables as frequency 
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(%). Student’s-t-test and chi-square test or Fisher’s exact test 
were used to analyze continuous and categorical variables. 
Statistical analyses were performed using SPSS 20.0 for 
Windows (SPSS Inc., Chicago, IL, USA). Data were 
considered statistically significant when P values <0.05.
Results
Short-term perioperative surgical outcomes between robotic 
and laparoscopic distal pancreatectomy
A total of 234 patients underwent minimally invasive 
distal pancreatectomy, performed by a single surgeon in 
Severance Hospital. Among them, 116 cases for malignancy, 
35 cases for initial planned simultaneous splenectomy, and 
5 cases for combined operation were excluded (Figure 1). 
Seventy-eight patients (37 cases by robot and 41 cases by 
laparoscopy) were enrolled in this study, and intended 
spleen-preserving minimally invasive distal pancreatectomy 
was attempted first for left-sided pancreas benign and 
borderline malignant tumors (Table 1). The Robot group 
included younger patients than the laparoscopy group 
(42.9±14.0 vs. 51.3±14.6 years, P=0.016) and smaller tumors 
(2.7±1.2 vs. 4.2±3.3 cm, P=0.018). The resected pancreas 
length seemed to be shorter in the Robot group (7.6±3.3 
vs. 9.4±4.2 cm, P=0.051), but the difference did not achieve 
statistical significance. The mean operation time was longer 
in the Robot group (313 vs. 246 min, P=0.000). There were 
no statistical differences for other perioperative outcomes, 
such as bleeding amount, transfusions, overall morbidity, 
clinically relevant postoperative pancreatic fistula, or 
postoperative hospital stay, between the two groups. 
Experience-dependent changes in the cumulative spleen-
preserving rate between robot and laparoscopic distal 
pancreatectomy
The overall spleen preservation rate was higher in the 
Robot group (91.9% vs. 68.3%, P=0.012). Among overall 
spleen preservation cases, the Robot group yielded a higher 
spleen vessel conservation rate than laparoscopy (73.0% vs. 
39.0%; P=0.006). In addition, the overall CSPR was higher 
in the Robot group. However, with the surgeon’s increasing 
experience of laparoscopic distal pancreatectomies, the 
difference in the CSPR between robot and conventional 
laparoscopy became narrower (Figure 2).  After 16 
consecutive cases by conventional laparoscopy, the statistical 
differences, in terms of CSPR (94.7% vs. 80.0%, P=0.428) 
and splenic vessel conservation rate (66.7% vs. 32.0%, 
P=0.068), between the robot and conventional laparoscopic 
groups disappeared (Table 2, Figure 3). 
Discussion
Despite the global applications of minimal invasive 
technique in all fields of abdominal operation, laparoscopic 
pancreas surgery has not been widely accepted for 
a while, due to the complexity of anatomy and the 
risk of complications (30,31). However, for left-sided 
pancreatectomy, many studies have been reported the safety 
and even superiority of laparoscopic approach over open 
method, making the laparoscopic distal pancreatectomy 
as a standard surgery (32). With improvement of endo-
stapler devices and the prolonged peri-firing sequential 
compression stapling technique to minimize the break 
of pancreas stump, a significant reduction of the CR-
POPF is one of the reasons why laparoscopic approach 
is well accepted in the distal pancreatectomy than 
pancreaticoduodenectomy (28). Song et al. reported 
7% of CR-POPF in their article about 359 consecutive 
laparoscopic DP without any postoperative mortality and 
Røsok et al. showed 6–8% of ISGPF B/C POPF after open 
and minimal invasive distal pancreatectomy in their systemic 
review (32,33). In this study, there were five patients (6.4%) 
with CR-POPF, but all of them were ISGPF grade B. 
Minimal invasive distal pancreatectomy 
between November 2007 and March 2018 
by single surgeon in Severance hospital 
(N=234)
Scheduled spleen preserving minimal 
invasive distal pancreatectomy for benign 
and borderline tumor (n=78)
Robot distal 
pancreatectomy
(n=37)
Laparoscopic distal 
pancreatectomy
(n=41)
Exclusion (n=156)
Malignancy (n=116)
Planned simultaneous 
splenectomy (n=35)
Combined operation (n=5)
Figure 1 Flow diagram showing patient enrollment for scheduled 
spleen-preserving minimally invasive distal pancreatectomy.
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Table 1 Demographic and clinical comparative analysis between laparoscopic and robotic distal pancreatectomy groups
Clinicopathologic variables
Distal pancreatectomy
P value
Laparoscopy [41] Robot [37]
Age, mean ± SD (years) 51.3±14.6 42.9±14.0 0.016
Sex (n) 0.734
Female 27 23
Male 14 14
BMI, mean ± SD (kg/m2) 24.1±3.4 23.5±3.2 0.406
ASA class [n (%)] 0.751
I 23 (57.5) 25 (67.6)
II 12 (30.0) 9 (24.3)
III 4 (10.0) 3 (8.1)
IV 1 (2.5) 0 (0)
Diagnosis [n (%)] 0.105
SPT 9 (22.0) 8 (21.6)
SCT 2 (4.9) 7 (18.9)
MCT 10 (24.4) 6 (16.2)
IPMN 11 (26.8) 3 (8.1)
NET 4 (9.8) 7 (18.9)
Others 5 (12.2) 6 (16.2)
Tumor size, mean ± SD (cm) 4.2±3.3 2.7±1.2 0.018
Resected pancreas size, mean ± SD (cm) 9.4±4.2 7.6±3.3 0.051
Operation time [range (min)] 246 [120–600] 313 [167–540] 0.000
Bleeding amount [range (mL)] 294 (0–2,100) 201 (0–1,000) 0.443
Transfusion [n (%)] 3 (7.3) 4 (10.8) 0.702
Spleen preservation [n (%)] 28 (68.3) 34(91.9) 0.012
Splenic vessel conservation [n (%)] 16 (39.0) 27 (73.0) 0.006
Splenic vessel sacrifice [n (%)] 12 (29.3) 7 (18.9)
Open conversion [n (%)] 3 (7.3) 1 (2.7) 0.617
Morbid complications [n (%)] 7 (17.5) 4 (10.8) 0.521
CR-POPF [n (%)] 2 (4.9) 3 (8.1) 0.664
Mortality [n] 0 0
PHS, mean ± SD (days) 8.4±3.8 7.5±2.2 0.533
SD, standard deviation; BMI, body mass index; ASA, American society of anesthesiologists physical status classification system; SPT, 
solid pseudopapillary tumor; SCT, serous cystic tumor; MCT, mucinous cystic tumor; IPMN, intraductal papillary mucinous neoplasm; 
NET, neuroendocrine tumor; CR-POPF, clinically relevant postoperative pancreas fistula; PHS, postoperative hospital stay; Statistical 
significance at P<0.05.
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Based on these reports on the safety of laparoscopic distal 
pancreatectomy, many surgeons attempted more complex 
laparoscopic operation for the lesion in the pancreas body 
and tail, like as pancreas parenchyma preservation, spleen 
preservation or reduced port surgery, but they often 
encountered technical problems during these advanced 
surgeries with conventional laparoscopy (34).
Following the invention of the robotic surgical 
system, many surgeons have been fascinated by its three-
dimensional vision, wide range of endo-wrist movements, 
and computer-based platform. In particular, in the field of 
pancreatic surgery, surgeons expected the robot surgical 
system to help them accomplish complex distal pancreas 
surgery, such as spleen preserving distal pancreatectomy 
for low-grade malignant tumors (2,16,19,35). In fact, we 
previously demonstrated the potential clinical benefit of 
the robotic surgical system for spleen preservation when 
performing distal pancreatectomy. Although robotic 
surgery is expensive, robotic distal pancreatectomy has the 
advantage of a high success rate of spleen preservation (9/16 
vs. 1/19, P=0.027) (19). In addition, many other studies have 
demonstrated similar favorable outcomes in terms of the 
spleen preservation rate in robotic distal pancreatectomy 
(2,15,36,37).
It is well known that splenectomy increases not only the 
risk of postoperative infectious complications but also the 
life-long probability of hospitalization or death from sepsis 
or cancer (38-41). Therefore, if there is no medical need 
for concurrent splenectomy, spleen preservation has been 
recommended during distal pancreatectomy for benign and 
borderline malignant tumors in distal pancreas (8,42). 
There are two options for SpDP. One is splenic-vessel-
conserving SpDP (SVC-SpDP), the other is splenic-vessel-
sacrificing SpDP (SVS-SpDP), the so-called Warshaw 
operation (43,44). Even though SVS-SpDP is a good 
alternative when splenic-vessel saving is difficult, it can 
cause splenic infarction, perigastric varices, and chronic 
left abdominal pain. Therefore, SVC-SpDP seems to be 
the more attractive technique (45,46). However, splenic 
vessels have many small and fragile branches within the 
pancreas, and often the pancreatic tissue itself encases 
splenic vessels. These anatomic characteristics make spleen 
preservation too problematic when performing conventional 
laparoscopic distal pancreatectomy. In contrast, the stable 
3D-operating vision, fine dissecting and clipping system, 
and the multidirectional endo-wrist function of a robotic 
surgical system is thought to be very suitable for SpDP, as 
already demonstrated in our previous reports (16,19). In 
particular, the spleen hilum has many vessels intertwined 
with the pancreas, so inappropriate access or even a 
Table 2 Spleen preservation rate of conventional laparoscopy and robot groups before and after learning curve (n=16) for laparoscopic distal 
pancreatectomy
Distal pancreatectomy
P value
Laparoscopy Robot 
Before learning curve
Spleen preservation [n/N (%)] 8/16 (50.0) 16/16 (93.8) 0.015
Splenic vessel conservation [n/N (%)] 8/16 (50.0) 13/16 (81.3) 0.009
After learning curve
Spleen preservation [n/N (%)] 20/25 (80.0) 19/21 (94.7) 0.428
Splenic vessel conservation [n/N (%)] 8/25 (32.0) 14/21 (66.7) 0.068
Statistical significance at P<0.05.
Figure 2 Overall cumulative spleen-preserving rate (CSPR) 
was higher for robot than conventional laparoscopy. Statistical 
significance at P<0.05.
0 5 10 15 20 25 30 35 40 45
Case Sequences
C
S
P
R
1
0.8
0.6
0.4
0.2
0
P=0.012
Laparoscopy
Robot
Yang et al. Spleen preservation rate between robot and laparoscopy 
© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2020;8(5):188 | http://dx.doi.org/10.21037/atm.2020.01.80
Page 6 of 9
small unnecessary movement in the use of laparoscopic 
instrument can cause large amounts of bleeding from these 
branches to abandon spleen preservation, but the robot 
can overcome this obstacle by effective 3rd arm movement 
and angulating motion of the robotic arms without tremor 
(27,36). 
While increasing our experience of both laparoscopic 
and robotic distal pancreatectomies, we have encountered 
some cases for which the conventional laparoscopic 
approach might be more convenient than the robotic distal 
pancreatectomy. There are potential techniques of SVS-
SpDP that can increase the success rate of laparoscopic 
spleen-preserving distal pancreatectomy (11,16,44). 
Pancreatic cystic tumors or small vessels around the 
pancreas may be lacerated during the robotic surgical 
procedure, because there is no tactile feedback in this 
system. In addition, the conventional laparoscopy does 
not require additional time for the docking process, and 
laparoscopic working instruments can move quickly 
without any time lag, as occurs with the robotic system. 
Moreover, robotic surgery has been blamed for its higher 
cost without obviously superior results compared to 
laparoscopy. Therefore, based on our increasing experience 
of the laparoscopic approach, we tried to revisit the efficacy 
of the robotic surgical system for spleen-preserving distal 
pancreatectomy (23,47,48).
In this study, the robot seems to be beneficial for overall 
successful SpDP (91.9% vs. 68.3%, P=0.012) with splenic 
vessel conservation (73.0% vs. 39.0%; P=0.006). However, 
as the number of cases increased, the difference in CSPR 
between robot and laparoscopy became narrower (Figure 2). 
This can be interpreted as the benefit of the robotic system 
being attenuated by accumulating laparoscopy experiences. 
At last, the statistical difference in the spleen preservation 
rate between the two approaches disappeared (94.7% vs. 
80.0%, P=0.428, Figure 3, Table 2) after the accumulation of 
experience of laparoscopic distal pancreatectomies (over 16 
cases). This phenomenon also appeared to affect the splenic 
vessel conservation rate (66.7% vs. 32.0%, P=0.068, Table 2). 
These results suggest that the robot has technical merits 
with regards to the meticulous vessel dissection during the 
spleen-preserving procedure, but the laparoscopic approach 
can also be used to achieve the surgical goal of minimally 
invasive spleen salvation if the surgeon has sufficient 
experience.
Consecutive experiences of  laparoscopic distal 
pancreatectomy will develop surgical techniques and 
influence the selection of the most appropriate procedure. 
Hua et al. (49) also reported that surgeons’ experiences 
of more than 15 laparoscopic distal pancreatectomies was 
associated with a reduced risk of conversion, and Kim 
et al. (50) suggested that 16 cases should be the cutoff 
point for safe splenic-vessel-preserving laparoscopic distal 
pancreatectomy. Similarly, Nachmany et al. (51) suggested 
that the surgical experience of at least 17 patients was 
needed for stabilizing perioperative surgical outcomes. To 
the contrary, for robot, Shyr et al. and Shakir reported 37 or 
40 cases of robotic distal pancreatectomy for learning curve 
in their 70 and 100 cases series (52,53). Most learning curve 
analysis is based on operation time, and robotic surgery 
basically prolongs operation time. However, from the view 
point of spleen-preserving, robot can achieve higher spleen 
preservation rates (91.9%) than laparoscopy (68.3%) in spite 
of longer operation time in. In our study, we found that the 
CSPR seemed to increase after approximately 16 cases of 
laparoscopic distal pancreatectomy, but, robot yielded high 
spleen preservation rate from the beginning (19,35).
The absence of tactile sense, which is said to be an 
important drawback of robotic surgery, can be overcome 
by visual sense through magnified 3D optical signal in 
robotic surgical system. In addition, additional docking 
time and time for changing frequent surgical instrument are 
concerned as disadvantage of robotic surgical system, which 
can be all resolved with accumulating experiences of robotic 
surgical team. However, emergent compensation toward 
unexpected event, such as massive bleeding, during robotic 
surgery still can be debated. Therefore, careful dissection 
should be kept in mind and laparoscopic resection followed 
by robotic reconstruction can be good alternative approach 
to overcome this issue (54,55). 
Therefore, in order to evaluate the potential role of the 
Figure 3 Statistical difference disappeared for cumulative 
spleen-preserving rate (CSPR) after 16th laparoscopy. Statistical 
significance at P<0.05.
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spleen-preserving power in both laparoscopic and robotic 
surgical approaches, the surgeons’ experiences in different 
types of surgical approaches need to be considered. From 
the view-point of spleen preservation, for surgeons with 
little experiences of LDP, the robotic approach may be 
beneficial; however, with increasing experiences of LDP, 
both surgical approaches, such as laparoscopic and robotic, 
will be able to achieve the goal of spleen preservation by 
minimally invasive surgery. The most appropriate surgical 
approach should be carefully chosen according to the 
patient’s condition, disease characteristics, and the surgeon’s 
experience, as robotic surgery is still expensive, and not 
every patient can afford such high-cost surgery.
This study has some unavoidable limitations as a 
retrospective study. The first hurdle in comparing two 
surgical modalities is selection bias. Because the impact 
of surgery is critical, the surgeon has a tendency not to 
apply expensive new techniques for complicated cases, so 
we thought that was why smaller average tumor size in 
robot group than laparoscopy group. On the other hand, 
this selection bias may suggest that either robotic, or 
conventional laparoscopic approach should be carefully 
applied for successful spleen preserving procedure, 
considering the size of the tumor. Second, we only 
evaluated obvious perioperative outcomes and the spleen 
preservation rate, as they could be obtained in routine 
medical records. Robotic surgery has unique advantages 
that cannot be measured, such as the surgeon’s ergonomic 
benefit, integrated image systems on the operating monitor, 
an effective tutorial system with double console, and a 
reduction in the need for assistance in laparoscope holding. 
In conclusion, advanced robotic medical technology 
can help improve the success rate of spleen and splenic 
vessel preservation during distal pancreatectomy. However, 
conventional laparoscopy also can achieve safe and effective 
SpDP based on accumulating laparoscopic experiences. It is 
likely that, in the near future, surgeons will apply techniques 
from both robotic and laparoscopic approaches to perform 
safe and effective minimally invasive pancreatectomy. 
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